Background: Ultrasound and computed tomography (CT) are now preferred for use in the diagnosis of acute appendicitis (Ap). This was a retrospective study on the use of ultrasound or CT for preoperative diagnosis and hospital expenditure in patients with Ap. Purpose: We tried to conduct this study to measure the effect of CT on the hospital expenditure of our emergency patients. Methods: We enrolled 1047 patients with preoperative diagnosis with or without CT or ultrasound and divided them into four groups: Group1, CT and ultrasound; Group 2, CT only; Group 3, ultrasound only; and Group 4, neither CT nor ultrasound. The final operative diagnosis of appendicitis was classified as acute appendicitis (Ap), appendicitis with perforation (Ap-perforation), and appendicitis with peritonitis (Ap-peritonitis) on the basis of the coding from the results of operative and pathological findings. Clinical profiles of patients included age, sex, Charlson Comorbidity Index, operative procedures, and medical expenditure. Results: Preoperative diagnosis with ultrasound or CT was found in 139 (13.3%), 180 (17.2%), 383 (36.5%), and 345 (33.0%) patients of Groups 1, 2, 3, and 4, respectively. The use of CT was more common in patients aged !65 years (49.1%) than in those <20 years old, with a significant difference. Clinical use of CT was more common in complicated Apd40.9% for Ap-perforation and 48.0% for Ap-peritonitis. Neverthelesss, the cost of CT accounted for a small fraction (9e11%) of the total hospital expenditure for operative appendicitis under Taiwan Diseases Related Group reimbursement.
Introduction
Appendicitis is a common abdominal emergency. Traditionally, diagnosis of acute appendicitis (Ap) was made based on historical features, physical examination, white blood cell count, and C-reaction protein levels. Ultrasonography and computed tomography (CT) are now preferred methods of imaging and has been shown to result in an accurate diagnosis of Ap. 1 Ultrasonography has been advocated for use as a primary imaging modality, after considering the adverse exposure to radiation in the generally young patient population. 1e3 Negative results from an ultrasound examination do not exclude the possibility of appendicitis unless a normal appendix is clearly visualized, as reported in a literature review of 14 published studies. 4 If an ultrasound scan is inconclusive or negative, a CT scan will be performed subsequently in case Ap is suspected. 5 CT has also been demonstrated to facilitate in the diagnosis of Ap and show greater than 98% accuracy. 6 Furthermore, routine use of CT in patients with suspected appendicitis could avoid unnecessary appendectomies, preventing delays in diagnosis before surgical treatment and saving medical resources as well. 7, 8 Appendectomy is recognized as a standard Diseases Related Group (DRG) payment system worldwide. Hospital managers prefer to format the clinical pathway for patients with appendicitis during hospitalization, attempt to shorten the length of stay, and discourage the use of a high-cost imaging diagnostic method such as CT. CT is one of the most common but expensive tests for patients with suspected appendicitis in the emergency service. 9e11 Furthermore, total hospital expenditure for appendectomy decreases significantly by decreasing the length of stay as a policy in Taiwan. 12 Health providers attempt to prevent excessive medical expenditure by avoiding unnecessary high-cost tests whenever possible because of the reimbursement policy of Taiwan's National Health Insurance.
Preoperative use of ultrasound or CT for patients with suspected appendicitis has gradually increased, accompanied by a dramatic decrease in the negative appendectomy rate and statistically significant changes in the perforation rate over the last several years. 13, 14 However, clinical application of ultrasound or CT varied with the age and condition of patients in our emergency department. Therefore, we conducted a retrospective study for the evaluation of preoperative diagnosis through ultrasound or CT in patients with appendicitis and their medical expenditure based on the reimbursement system of Taiwan National Health Insurance in our hospital.
Patients and methods
A total of 1047 patients [555 (53.0%) males and 492 (47%) females] enrolled in this retrograde study were operated after preoperative diagnosis using ultrasound or CT between 2008 and 2011 at our emergency department. The patients underwent preoperative diagnosis with or without the aid of CT or ultrasound. Patients were classified into the following groups: Group 1, CT and ultrasound; Group 2, CT only; Group 3, ultrasound only; and Group 4, neither CT nor ultrasound. Patient numbers of Groups 1, 2, 3, and 4 were 139, 180, 383, and 345, respectively ( Table 1 ). The mean age of the patients was 41.4 AE 17.9 years, with a range of 6e87 years. The final diagnosis of appendicitis was based on an operative diagnosis of Ap (International Classification of Disease, ICD-9-CM codes 540, 540.0, 540.1, and 540.9). The severity of appendicitis was classified as appendicitis without peritonitis (Ap, ICD code 540.9), appendicitis with perforation and local abscess (Ap-perforation, ICD code 540.1), and appendicitis with peritonitis (Ap-peritonitis, ICD code 540.0) on the basis of operative and pathological findings. The pre-existing comorbidity of the patients was scored using the Charlson Comorbidity Index (CCI) 15 scores of 0, 1, and !2. Clinical profiles of patients included age, sex, CCI, 15 operative procedures (open or laparoscopic), and medical expenditure under the reimbursement system of Taiwan DRG (Tw-DRG). These patients' variables, relationship with ultrasound or CT diagnosis, and medical expenditure were considered for analysis.
Statistical analysis was performed with an unpaired Student t test after analysis of variance for more than two groups. A p value of <0.05 was considered significant.
Results

Distribution of ultrasound or CT use according to sex and age
Preoperative diagnosis with or without ultrasound or CT was observed in 139 (13.3%), 180 (17.2%), 383, (36.5%), and 345 patients (33.0%) of Groups 1, 2, 3, and 4, respectively. The application of CT and ultrasound or not was found 12.7%, 10.9%, 32.7%, and 43.7% for Groups 1, 2, 3, and 4, respectively, in the age of <20 years. The use of CT alone or with ultrasound was found more commonly in the age group of !65 years (49.1%) than in those aged <20 years, with a significant difference (Table 1 ).
Use of ultrasound and CT according to the severity and comorbidity of acute Ap
Preoperative diagnosis with CT with or without ultrasound (Groups 1 and 2) was more commonly used in patients with complicated Ap (40.9% for Ap-perforation and 48.0% for Apperitonitis), with a significant difference from patients with uncomplicated Ap (24.9%) ( Table 1 ). In patients with high CCI scores, CT was performed more commonly for purposes other than the diagnosis of appendix. Clinical use of CT was lower in patients with Ap whose CCI scores were 0 than in those whose CCI scores were !2 (p < 0.001) ( Table 1 ). Table 2 ). Irrespective of whether the preoperative diagnosis was made with or without CT, hospital expenditure was less in patients in the age group of <20 years, those with uncomplicated Ap, and those with a lower CCI score, with significant differences (Figures 1e3). Significant factors affecting hospital expenditure were Ap-perforation or Ap-peritonitis, and CCI Z 1 and !2, as shown in Figures 1 and 3 , respectively, and in Table 2 . However, these affecting factors were also existed in patients undergoing preoperative diagnosis with or without ultrasound or CT except the surgical method. In the absence of the surgical method factor indicated that laparoscopic or traditional appendectomy nonsignificantly affected the medical expenditure of the patients irrespective of the use of preoperative ultrasound or CT tests.
Medical expenditure in acute Ap
Discussion
Either ultrasound or CT has widely been used for the diagnosis of suspected appendicitis in our emergency department. In pediatric patients, the sensitivity and specificity of ultrasound can approach those of CT, without the use of ionizing radiation. 16 In a meta-analysis of 10,000 children who underwent ultrasound scans for the evaluation of possible appendicitis, sensitivity ranged from 50% to 100% and specificity from 88% to 99%. 4 Our series revealed that CT was used in 23.6% of patients aged less than 20 years for the diagnosis of Ap. However, the sensitivity and specificity of CT were greater than those of ultrasound in older patients presenting with clinical signs of Ap. 17, 18 Ultrasound still remained the first choice in the emergency service. If CT could be avoided for emergency patients, then hospital expenditure and negative appendectomy rates might also decrease. In another study, 19 the use of in-house CT was reported to decrease from 71.2% to 51.7% (p Z 0.01) and the negative appendectomy rate was reported to increase (6.8% vs. 11%, p Z 0.25), suggesting that the implementation of an evidence-based clinical protocol for the diagnosis and treatment of Ap in children may safely reduce the use of CT scans and increase the use of ultrasound. 19, 20 Age was strongly associated with short-term mortality. The highest mortality rate was observed among children and older adults. Short-term mortality was mainly due to either delayed or incomplete imaging diagnosis. 21e23 Therefore, the need to avoid harmful radiation and make an early diagnosis of Ap using CT varied according to the age group and clinical conditions. The diagnosis of suspected appendicitis remains challenging to physicians or surgeons in the emergency service. The state-of-the art diagnosis of Ap involves the use of CT and ultrasonography. 24, 25 The accuracy of clinical diagnosis is approximately 80%, which corresponds to a negative appendectomy rate of approximately 20%. 26 The challenge was that Ap-perforation or Ap-peritonitis was inversely related to the negative appendectomy rate. Both conditions could typically be avoided through urgent appendectomy. Approximately half of our patients who were preoperatively diagnosed using CT had Ap-perforation and Ap-peritonitis. In our series, one-third of the patients were diagnosed using CT, one-third using ultrasound only, and one-third using physical findings and laboratory data. The merits of ultrasound can be re-evaluated during emergency service or hospital admission. Quality assurance should focus on the accuracy of the preoperative diagnosis and on patients' conditions. Negative appendectomy rates and false negative diagnosis for patients who present with perforated appendicitis should be kept as low as possible. 18, 27 Diagnosis through CT was much more prominent among the highest-risk patients with CCI Z 1 and !2 in our series (Figure 1 ). In addition, CT was used more commonly in older patients with higher severities of Ap for evaluating abdominal diseases in addition to Ap, 17,23,28 and a similar trend was followed in our study. Integration of clinical evaluation and CT findings by the surgeon responsible for a patient's care typically resulted in the avoidance of an unnecessary appendectomy, and no patient received a delayed appendectomy. 7, 29, 30 Although the American College of Radiology Appropriateness Criteria, which are evidence-based guidelines based on an extensive analysis of the current medical literature and the application of a well-established consensus methodology to rate the appropriateness of imaging studies, are available, evaluation based on physical examinations, laboratory tests, and imaging studies was key in the selection of treatment. Concrete and definitive evidence is lacking, and experts' opinions may be used to recommend imaging or treatment for Ap. 16 However, some reports showed that the use of CT scans increased the appendectomy rate only in patients with a low clinical suspicion for appendicitis, and preoperative CT scans did not reduce the negative appendectomy rate; thus, avoiding the overuse of CT, if possible, is advisable. 3,31e33 Controversy regarding the overuse of ultrasound or CT for the diagnosis of Ap still depends on the points of view of the care provider, care giver and buyer.
The use of imaging techniques for the diagnosis of Ap in adults is increasing and is likely to elevate appendicitis hospital expenditure. If a surgeon decided that the appendicitis was equivocal, either ultrasound or CT scanning was deemed necessary. Usually, imaging studies and expenditure of patients after a diagnosis of appendicitis required evaluation by health-care providers under the Tw-DRG payment system. As imaging utilization has increased, the average hospital expenditure for appendicitis has increased by 16.3%, while imaging charges, as a fraction of hospital expenditure, have increased from 7.89% to 10.87%. 34 In our study, the total hospital expenditure of Ap was affected by patients' conditions in addition to the use of CT. Avoiding the excessive use of CT in patients suspected of having Ap will probably reduced the savings per patient in some institutes. The ratio of the average cost of appendectomy to the average cost of CT has been reported to be 16:1 in one study 7 and 22:1 in another. 35 However, the charge of CT diagnosis accounts for 9e11% of the total hospital charge for appendicitis under Tw-DRG reimbursement. Hospital managers and care givers must take care about using CT in suspected Ap and trends in the future and current Tw-DRG payment system. Nevertheless, preoperative diagnosis through ultrasound or/and CT will enable a benefit of early diagnosis and can prevent a negative appendectomy. However, the hospital's burden under Tw-DRG reimbursement is likely to increase. 36 Patients with appendicitis have different sets of variables and a diverging number of DRGs for appendectomy in each country. However, the total hospital expenditure of operative appendicitis after discharge was approximately 1200e1500 US$ under the Tw-DRG payment system. The charge of CT was a relatively high in a fraction of total hospital expenditure for operative appendicitis in Tw-DRG reimbursement. In Taiwan, health providers are learning to effectively manage the Tw-DRG system nowadays. The difference in expenditure between the diagnosis of Ap with or without the use of CT was greater than the cost of CT diagnosis itself. Therefore, the high cost associated with the use of CT for the diagnosis of Ap was based on clinical requirements and could not be the only reason for the increase in medical expenditure. Therefore, the necessity of using ultrasound followed by CT in Tw-DRGs in the care of some patients must be re-evaluated.
In conclusion, when ultrasound findings are equivocal, a CT scan should be performed immediately for the diagnosis of suspected Ap. In Taiwan, the dramatic increase in the use of CT with or without the use of ultrasound was observed at our emergency department and even nationwide. We attempted to obtain the results of either reducing the delay in diagnosis and appendectomy or avoiding legal problems. Actually, the preoperative use of CT or ultrasound depended on the patient's conditions in order to achieve high-quality emergency care. We did not hesitate to use CT in the event of suspected appendicitis for elderly patients or patients with higher CCI scores in the emergency service despite an increase in the hospital expenditure.
